Using venous occlusion impedance plethysmography, leg blood flow was measured in seventeen men undergoing transurethral prostatectomy under either amethocaine spinal anaesthesia (SAB) or nitrous oxide-halothane general anaesthesia (GA). Mean leg blood flow doubled (206% of preoperative control value) fol/owing induction of SAB, remained elevated throughout surgery (146% of control at the end of operation) and had returned to pre-operative levels (94%) by two hours postoperatively. Under GA, mean blood flow rose gradually during surgery to 136% of control by the end. However, mean blood flow was only 28% of control at one hour postoperatively, rising to 66% of control by two hours. Analysis of variance showed a significant difference in blood flow changes between the two groups (Greenhouse Geisser P= 0.005). The early postoperative fall in leg blood flow in the GA group might be important in the aetiology of postoperative deep vein thrombosis.
There are few reports of lower limb blood flow measurements actually performed during anaesthesia and surgery.l In this study we used the technique of venous occlusion impedance plethysmography2 to examine a group of men undergoing transurethral resection of the prostate gland. The study allowed comparison of the effects of both general and spinal anaesthesia, and also the effects of the supine and lithotomy leg position on lower limb blood flow. Ethical Committee. Twenty-one patients scheduled for transurethral prostatectomy and from whom informed consent had been obtained were randomly allocated to receive either general or spinal anaesthesia. Four patients were excluded; two following surgical decision to proceed to retropubic prostatectomy, one with an inadequate spinal block, and one with technically poor plethysmography curves. Of the remaining 17 patients, eight received spinal anaesthesia (SAB), and nine general anaesthesia (GA) ( Table 1) . Fourteen patients received premedication with intramuscular pethidine 75-100 mg and promethazine 25 mg, one received omnopon 15 mg with promethazine 12.5 mg, one received omnopon 7.5 mg alone, and one patient received no premedication.
MATERIALS AND METHODS (i) Patients and clinical management
Following the application of plethysmograph (275) electrodes (see below) and the establishment of an intravenous infusion and appropriate monitoring, SAB patients were turned on to the side. Through a 22ga or 25ga needle inserted at the L2-3 or L3-4 interspace, SAB was induced with hyperbaric 1070 amethocaine solution in a mean dose of 11.3 (SD 1.9) mg at the discretion of the anaesthetist. One patient received 1.2 ml of cinchocaine 1 :200 in hyperbaric solution. In some cases intravenous diazepam was given to provide light sedation. In only one patient (who received ephedrine 10 mg) was a vasopressor required for hypotension.
The GA group received thiopentone followed by spontaneous ventilation of N 2 0, 02 and halothane via a mask and C02-absorption circle system. One patient with an inadequate airway required intubation under suxamethonium, followed by spontaneous ventilation.
Only one episode of prolonged hypotension was encountered. This was in a man receiving general anaesthesia who maintained asystolic blood pressure of 80 mmHg throughout the procedure with no adverse clinical effect. Mean values for the lowest recorded intra-operative blood pressure and mean volumes of intravenous fluid administered are shown in Table 1 . All patients received frusemide 20 mg at the end of the procedure at the request of the surgeon.
(ii) Measurement of leg blood flow
Venous occlusion impedance plethysmography provides indirect measurement of volume changes in a limb by means of alterations in an electrical signal. 3 Volume changes are measured during a 45-second period of inflation of a proximally placed venous tourniquet and then for a further 30 seconds following its deflation. By relating the volume change to the time course of the measurement, a blood flow measure is derived. A full description of the technique has appeared elsewhere. 2 Around each limb under study, three circumferential metal tape electrodes are fitted below the knee and a venous tourniquet above the knee. Between the distal electrodes on each limb a small energising AC current is passed. Changes in the volume of tissue between the electrodes alter the voltage drop between electrodes. The two proximal electrodes on each leg are the recording electrodes, the segment of limb between each pair being the region in which volume changes are measured. The technique does require the conscious patient to remain still, and care in positioning of the limbs in order to avoid artifacts in the recording. False flow measurements may occur in some conditions, such as the presence of a Baker's cyst, or other swellings about the knee.
The raw data is in the form of a paper chart record of the general curve shape shown in Figure 1 . One complete curve is required for one flow measurement. Each curve is converted to digital form using an XY plotter and a PDP 11110 computer is used to scale and analyse the digitised curve. Each curve is scaled against a calibrating signal produced by the plethysmograph prior to each measurement. This allows comparison of sequential measurements within a patient. A correction factor, the measured basal electrical impedance of the leg between the two measuring electrodes, is also applied to standardise for minor variations in electrode placement and thus allow comparison between patients. Once calibrated, each curve has exponential functions fitted to the inflow and outflow curves. Arterial blood flow is derived from the fitted exponential inflow curve. The nature of the model used in the computer program and the influence of the methodological errors on the derived flow value make interpatient comparison of absolute blood flow unreliable. However, by expressing flow values for each patient as a percentage of his own pre-operative flow measurement, valid comparison of relative changes in blood flow may be made.
The plethysmography electrodes were applied prior to induction of anaesthesia and Changes in blood flow in the two anaesthetic groups were compared across time using an analysis of variance. Significance testing between the groups at each time was performed using an unpaired Student's t test, or the Mann-Whitney test when equality of variances between groups could not be shown.
RESULTS
The results for the blood-flow measurements are shown in Figure 2 . There was a marked increase in mean leg blood flow to 206070 of the control readings following induction of anaesthesia in the SAB group. This rise was not seen in the GA group (91070 of control). However, once in the lithotomy position, the blood flow gradually rose in the GA group until by the end of surgery the blood flow in the two groups was very similar -SAB group: 147070 of control; GA group: 136070 of control.
In the SAB patients, blood flow gradually fell back to control values (94070 at two hours) during the recovery period whereas in the GA group a significant fall in flow to 28070 of control was observed at one hour postoperatively. This had returned to only 66070 of control by two hours. Analysis of variance with respect to time showed a highly significant difference between the two anaesthetic groups. (F=13.91, P=0.0008), and a significant time/anaesthetic group interaction (Greenhouse Geisser P=0.005). Statistically significant differences between the two groups at individual times are indicated in Figure 2 .
DISCUSSION
Venous occlusion impedance plethysmography is an accepted technique for the diagnosis of deep venous thrombosis. It has also been shown to be a practicable and reliable means of measuring limb blood flow, correlating well with volume displacement and strain gauge plethysmography. 3.6 The equipment used in this study has been validated previously in the laboratory. 2 Wide variability in blood flow values were seen in the men in this study. This was only partly due to the errors intrinsic to the technique as described in the Methods section. A wide range of vascular responsiveness is to be expected in an elderly population, prone to peripheral vascular disease, when subjected to pharmacological and physiological interventions.
Our observations suggest that the main alterations in lower limb blood flow occurred during the early stages of anaesthesia and surgery for transurethral resection of the prostate gland and in the postoperative period. The use of percentage change allowed a description of the relative changes in blood flow during and after surgery, each patient acting as his own control. These relative changes may be more important than absolute flow value changes when considering the clinical significance to the individual of altered limb blood flow. Presentation of percentage flow change also allows comparison with the results of a previous study using strain gauge plethysmography. 1 There was a difference between GA and SAB in the pattern of blood flow change intraoperatively. The rise in blood flow following induction of spinal anaesthesia may be due to the effects of sympathetic blockade in the legs. The GA group showed little change in limb blood flow after induction of anaesthesia but the gradual rise towards that in the SAB group by the end of the procedure means that, with both forms of anaesthesia, leg blood flow was enhanced during the procedure compared with pre-operative control values.
These findings differ from those of a previous non-randomised study of ten patients. 1 In that study Acland found a similar response to induction of anaesthesia with a 154070 rise in the spinal group and an 8070 rise in the general anaesthesia group compared with 106070 rise and 8070 fall respectively in our study. However, flow in the general anaesthesia group fell 50070 on adopting the lithotomy position and remained low throughout the procedure. He attributed this to a fall in perfusion pressure due to the elevation of the limb above the heart in the face of unaltered vascular resistance. In the GA group the current study shows a gradual rise in blood flow to 36070 above the preoperative level. Any fall in perfusion due to altered hydrostatic forces could be balanced by other changes such as augmentation of venous return and enhanced cardiac output as a result of limb elevation.
It is in the postoperative period that the most interesting observations occurred. At one hour post operatively the GA group showed a statistically significant fall in blood flow compared both with control values and with the SAB group, suggesting a state of relative vasoconstriction and hypoperfusion at this time. Similar changes in early postoperative blood flow have been reported following total hip arthroplasty under either general anaesthesia or continuous epidural anaesthesia. 7 Stasis of blood in the legs is believed to be a contributing factor in the formation of postoperative deep vein thrombosis. Our observations suggest a possible mechanism for the supposed influence of anaesthetic technique on the incidence of postoperative deep vein thrombosis. 8 ,9 Changes in leg blood flow in the early postoperative period could be of considerable importance. This is an area for future study.
